Introduction
Anas formosa is an endemic species in East Asia and its global population is estimated to be around 1.07 million individuals. A. formosa is classified as the Least Concern (LC) on the IUCN and Bird Life International (Delany and Scott, 2006) . A. formosa breeds in Kamchatka (Siberia) and Baikal (Russia). It migrates to winter in South Korea, China, eastern China, Japan, and Taiwan (Tebb & Ranner, 2002) .
Unlike the widely distributed pattern of other wintering waterbirds, large groups of A. formosa are concentrated predominantly in certain areas such as Geum River Estuary, Hampyeong Bay, and Cheonsu Bay (Kang & Cho, 1996 , 1998 . Typically, A. formosa is gregarious and migrates together periodically (MOE & National Institute of Biological Resources, 2008) .
Even though approximately 90% of the total population of A. formosa around the world is to winter in the South Korea and it is the one of the most typical wintering places, there has been relatively little research about the Baikal Teal wintering in this area. The study about wintering A. formosa in Korea was carried out on the west coast (Kang and Cho, 1996; 1998) . Also, Hahm et al. (1999) studied on the fluctuation of A. formosa population at Junam Wetlands on the Nakdong River.
Despite the drastically increasing number of individuals, the distribution of A. formosa is predominantly concentrated in 3-4 mud flats on the west coast in South Korea. Therefore, the preservation of A. formosa requires further studies on the countermeasures of decentralization and the exploration of alternative habitats for the species. Since Won (1981) found that Junam Wetlands was the wintering areas of A. formosa in 1984, Junam Wetlands have been known as wetlands having 20,000 wintering individuals of A. formosa every year (Poole, 1992) . However, recently it has been reported that the number of wintering A. formosa has been drastically decreasing or sporadically observed. Hence, it is urgently needed to find out the possible factors to affect the decrease of the number of wintering A. formosa.
The present study aims to analyze the fluctuation of A. formosa at Junam Wetlands, to find out the interference factors affecting the wintering, and then to explore the possibility of decentralized wintering of A. formosa. (Fig. 1) and it has been used for agricultural water for local farmers, flood prevention, fishery, and so on.
Research Site and Method
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Research method
The study of the annual population of A. formosa was carried out during the arrival period of winter visitors from 2004 to 2008 (5 years). In each year, the investigation was conducted once in every month from October to March. In order to find out the daily number of A. formosa and its causes of migrations, a daily investigation was carried out in one hour basis before sun set. The total of nine study sites were selected with three of each in Junam Reservoir, Dongpan Reservoir, and Sannam Reservoir. Point count census was used for the investigation of population (Bibby et al., 1992) . The birds were observed by using field scope (20-60×, Carl Zeiss) and binoculars (10×, Nikon). The gregarious activities were observed and video recorded with a camera (Nikon D200) and a camcorder to study flying objects.
Result and Discussion

Nationwide trend of fluctuation of Anas formosa in Korea
The number of A. formosa has had a decreasing and increasing pattern from 1999 to 2004. The most dominant places were estuaries, tidal flats, dam or reservoir (MOE and NIER, 2004) . According to Census in 2008, the observed number of bird species at 141 wetlands was 196 species. Of them, A. formosa (626,616) was the most abundant species and the ratio of the species was 42.2% of the total population of nationwide birds (1, 483, 891) . The total population of A. formosa in nationwide Census in 2008 greatly exceeds 500,000, which was the estimated world population in International Waterbird Census conducted by Wetland International (Delany & Scott, 2006) . Large clusters of A. formosa were formed in a few wintering sites on the west coast (Fig. 2) . As Delany and Scott (2006) pointed out the overestimation of the total population of A. formosa reported in nationwide seabird Census of Korean peninsula, more accurate analysis is needed in the annual nationwide census. Especially the recent studies which monitored the population of A. formosa in China showed that approximately 50,000 individuals were distributed (Cao et al., 2008 (Cao et al., , 2010 . This result indicates that the distribution has been enlarged thanks to the increasing number of A. formosa. At the same time, the range of wintering sites have also been expanded to the east sea of China due to the land development and reclamation works of mudflat wetlands on the west coast of Korean peninsula.
Annual fluctuation of individual numbers of Anas formosa at Junam Wetlands
The analysis of annual fluctuation of A. formosa at Junam Wetlands for five years (2004) (2005) (2006) (2007) (2008) showed that there was the least population (5,000) in winter 2004. On the other hand, there was the largest population (78,000) wintered in 2008. During the study period, the population of A. formosa has tended to increase in spite of the slight tendency of small fluctuation (Fig. 3) . In 2008, in particular, the 10 Ramsar Convention held in Changwon so that the interference might be minimized by the voluntary refrainment from fishing and the limited access to Junam Wetlands. These can be considered factors to influence the increase of population of A. formosa. In 2009 the population decreased significantly to 25,000 due to no systematic control of fishing and preservation. Hence, the variation of the population of wintering A. formosa highly depends on the interference effects at Junam Wetlands.
In terms of the ratio of the dominant bird species at Junam Wetlands, the previous studies show that A. formosa has been reported as the most abundant species: 62.7% in winter from 1988 to 1992 (Yu & Hahm, 1994) , 56.98% in winter from 1989 to 1998 (Hahm et al., 1999) . The population of A. formosa at Junam Weylands has increased: 5,000 in 1984, 20,000 since 1986 (Won, 1987), 42,000 in 1990 (Hahm et al., 1999) , and 78,000 in 2008. The gradual increase may result from the increasing number of the total population of A. formosa in Korean peninsula. Nevertheless, it is assumed that the population of A. formosa will increase steadily if the wintering condition is well maintained at Junam Wetlandss.
Monthly changes of the population of Anas formosa during wintering period
Compared to the monthly accumulative population of wintering A. formosa at Junam Wetlands from 2004 to 2008, it had increased steadily since October, and the number of individuals in December was the largest. After December, the number of individuals had begun to decrease.
The decrease of the population of A. formosa was mainly caused by the interference effect of fishing which started from early December. The fishing operation interfered with A. formosa resting at the reservoir in the daytime. This pattern is very different from that of decreasing population of A. formosa wintering at the mudflats on the west coast in March (Kang & Cho, 1996; 1998) . In January in the next year, there was a significant decrease of the number of A. formosa at Junam Wetlands due to the interference effects from frequent fishing operations at the inland reservoirs (Fig. 4) .
The changes of the distribution areas of Anas formosa at Junam Wetlands
Analysis of the changes of the distribution areas of A. formosa wintering at Junam Wetlands shows an apparently unique pattern. Since reaching the highest number of A. formosa in November, the number has decreased until December. Dongpan reservoir, located in the south of Junam Reservoir, had the highest number of A. formosa in December after the arrival of A. formosa in November. There was almost no A. formosa observed at Sannam reservoir (Fig. 5) . Therefore, there were distinctive distribution patterns of A. formosa by reservoir areas. A. formosa used Junam Wetlands for obtaining food from farmlands around the reservoirs. Then, in December, the number of population decreased due to the frequent fishing operations. Instead, they migrated to Dongpan Reservoir for wintering.
Analysis of factors influencing the decrease of Anas formosa at Junam Wetlands
In order to explore the changes of the number of A. formosa at Junam Wetlands, the number of A. formosa had been observed in a daily basis from October, 2008 to March, 2009. The result shows that the number of A. formosa increased steadily from October to November. Then, in December, the number of A. formosa reached its peak with 78,000. After December, it began to decrease. In January, the number of A. formosa decreased rapidly to 10,000 (Fig.  6 ). This result is significantly different from the changes of number of A. formosa wintering on the west coast for the same period. According to Kang and Cho (1996) , after A. formosa wintering on Korean peninsula arrives in early November and winters at Cheonsu Bay areas in Seosan until mid-December, it migrates gradually to the south in late-December because the temperature is cold enough to freeze the water surface. Finally, A. formosa winters at Geumgang Lake and Nonsan Tapjoung Reservoir. Moreover, Kang and Cho assumed that A. formosa at Junam Wetlands migrates to the north in late-January because of the environmental deterioration in this area.
As the present study shows that migration or movement of A. formosa at Junam Wetlands began from January 1st and the wintering population of A. formosa tends to decrease at most of Junam Wetlands areas. This result are contrasting in comparison to that of Kang and Cho's (1996) study, in that the migration started about 20 days to one month earlier than it did in Kang and Cho's study. The difference is caused by the fact that the wintering population of A. formosa at Junam Reservoirs decreased drastically after the interference effect of the local fishing operation with motorboats (Fig. 6 ). The number of fishing boats used during this period was 4 to 14, and the fishing operation was conducted in the morning, afternoon, and evening in three shifts with three hours each. Since 1995, Hahm et al. (1999) claimed that the increase of number of species and individuals at Dongpan Reservoir is caused by the changes of resting areas of A. formosa. At the same time, this evaluation is in line with the result in Park and Won (1993) study in that the migration of A. formosa are mainly caused by the increasing number of tourists and the fishing operations with high-capacity motorboats. Furthermore, the low water level in Dongpan Reservoir, caused by a severe drought in winter, was considered one of the factors to affect the decrease of the number of A. formosa. Therefore, the adjustment of water level at wintering sites and the supervision of fishing operation are crucial factors, in order to avoid severe concentration of wintering A. formosa and to decentralize by regions. 
